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COMPLETE SPECIFICATION 
Improvements in and relating to Spot-Welding Electrodes 


We, Johnson Matthey & Co. Limited, 
a British Company of 78, Hatton Garden, 
London, E.C.I. , do hereby declare the in- 
vention, for which we pray that a Patent may 
5 be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention relates to spot-welding elec- 
trodes. 

10 Among the properties required of a spot- 
welding electrode are that it should have good 
thermal and electrical conductances and that, 
in use, it should be resistant to deformation, 
at least at its working end or tip, when sub- 

15 jected to mechanical stress at temperatures 
equal to or closely approaching the welding 
temperature at the workpiece. The reasons for 
this are as follows: — 

The process of spot-welding is commonly 

20 used to produce small-area welds between two 
relatively thin sheets of metal and is gener- 
ally carried out by clamping the sheets firmly 
between two axially-aligned water cooled elec- 
trodes and then passing a heavy current from 

25 one electrode to the other through the sheets. 
Under these circumstances, resistance heating 
of the sheets occurs particularly at the inter- 
face between them where they are held in . 
contact. Th is is due to the relatively high elec- 

30 trical resistance between the sheets in the 
region of contact and in practice the rate of 
heat generation is such that at least the con- 
tiguous surface layers of the sheets in this 
region are fused, so that on cooling the sheets 

35 are welded together. When a pair of sheets is 
welded together in this way, it is necessary 
to prevent a similar process occurring at the 
regions or . contact between the electrodes and 
the sheets. 

40 This is done by circulating cooling water 
through the body of each electrode so as to 
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prevent the temperature of its tip from reach- 
ing a value at which it will itself weld to the 
sheet. Despite this precaution, the temperature 
of each electrode tip does rise to a value 
approaching the welding temperature of the 
sheets during each welding operation. 

Further, in order to achieve the necessary 
contact between the sheets, it is necessary to 
clamp them together with considerable force 
by means of the electrodes. It follows that 
during each welding operation the tip of each 
electrode is subjected to considerable mechani- 
cal stress at temperatures approaching the 
welding temperature of the workpiece. 

For these reasons, at least the tip of a spot- 
welding electrode must i) be resistant to 
deformation at temperatures approaching the 
welding temperature. Further, such an elec- 
trode must ii) have a high electrical conduc- 
tance so that it may carry the necessary heavy 
current without being unduly heated by the 
passage of the current. Also, the electrode 
must iii) have a high thermal conductance so 
that water-cooling the body of the electrode 
will effectively cool its working tip. 

Unfortunately, these requirements for a 
spot-welding electrode of high thermal and 
electrical conductances and good hot strength 
are to an extent incompatible, since materials 
such as copper which well satisfy the first 
two requirements do not satisfy the third 
whilst materials having particularly good hot 
strength generally have relatively poor thermal 
and electrical conductivities. 

If a spot-welding electrode is made from 
a relatively soft (but highly conductive) 
material, such as copper, the high tempera- 
tures and pressures to which the electrode tip 
is subjected in use cause it to spread out or 
"mushroom" fairly rapidly. When this occurs 
it becomes necessary to interrupt the sequence 
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of welding operations and to remove the elec- 
trode so that its tip may be restored to its 
original shape. This is generally done by re- 
machining the tip or by "dressing" it with a 

5 hand file. 

On the other hand, if an electrode is made 
of a hard, highly deformation-resistant 
material which has low electrical and low 
thermal conductivity the current required for 

10 welding would, during operation, cause over- 
heating and consequent softening of the elec- 
trode material leading to "mushrooming" of 
the electrode. In extreme cases, the electrode 
may tend to melt and fuse to the workpiece. 

15 It has accordingly become the practice to 
use electrodes made of materials whose pro- 
perties lie intermediate the extremes men- 
tioned above and which have electrical and 
thermal conductivities comparable with those 

20 of copper and strengths at elevated tempera- 
tures which are significantly higher. Typical 
of these materials is a range of chromium- 
copper alloys, with or without the addition of 
small quantities of one or more of the metals 

25 beryllium, cobalt and zirconium, which have 
been developed for the manufacture of spot- 
welding electrodes. Electrodes made from 
these alloys are, nevertheless, still prone to 
"mushrooming", although less than with cop- 

30 per electrodes. 

According to this invention a spot welding 
electrode having a tip with an operative con- 
tact face includes a reinforcing member or 
members extending as an insert of general 

35 continuous annular shape into the electrode at 
least from the peripheral zone of contact as 
herein defined, said member or members being 
formed of a conductive material having greater 
strength and resistance to deformation under 

40 welding conditions than the material forming 
the electrode. 

We have found that such a reinforcing 
member or members considerably reduces 
"mushrooming". 

45 In one form of spot welding electrode, the 
reinforcing member is a tubular tightly fitting 
insert located in the electrode tip so that one 
end face of the insert coincides with and forms 
the peripheral zone of contact of the elec- 

50 trode tip. 

By "peripheral zone of contact" is meant 
an annular zone, the outer perimeter of which 
either coincides with or lies adjacent and 
conforms closely to the periphery of the con- 

55 tact face. 

The resistance to deformation of the insert 
at elevated temperature and the electrical and 
thermal conductivity of the electrode material 
are as high as possible. 

60 Preferably, the insert is cylindrical and the 
outer periphery of the said one end face is 
chamfered, tapered, or otherwise shaped to 
produce a welding tip of the desired profile. 
' / It will therefore be appreciated that the insert 
' : ''' : 65 end face not only constitutes the peripheral 


zone of contact but also presents the rela- 
tively harder material of the insert in that 
region of the contact face of the tip where 
"mushrooming" usually occurs. 

It is desirable for the conductivity of the 70 
insert material to be as high as possible con- ; y 
sistent with the need to avoid softening of ; V-; . 
the insert during operation. For example, in 
an electrode made from a copper chromium 
alloy having a conductivity of 80% Inter- 75 
national annealed copper Standard, we have 
found that satisfactory operation is obtained 
using an insert* made from a material having 
an electrical conductivity of greater than say, 
30% International annealed copper Standard, 80 
(I.A.C.S). 

Where a number of reinforcing members of 
rod or strip form are used, adjacent mem- 
bers are located to touch each other. In effect, 
therefore, the members define a tube extend- 85 
ing into the electrode from the "peripheral 
zone of contact" and having a continuous sur- 
face. If desired, the longitudinal section of 
tube may taper. 

The rod or strip reinforcing members may 90 
be of circular, rectangular or arcuate cross- 
section. Where the members are of arcuate 
cross-section, these may constitute segments 
of a cylindrical tube. 

It is usual for the tip of a spot welding 95 
electrode to be tapered or chamfered and, if 
desired, the reinforcing member or members 
may be located slightly inside the inclined sur- 
face so formed, or may constitute a part of 
parts of the inclined surface. 100 

The invention also includes a method of 
making a spot welding electrode which con- 
sists in forming in that end of a billet of elec- 
trode material intended to form the electrode 
contact face, an annular recess at the peri- 105 
pheral zone of contact as herein defined and 
fitting a tubular reinforcing member as an 
insert into said recess so that the outer end 
face of said member lies flush with or slightly 
proud of said contact face, said member being 110 
formed of a conductive material having a 
relatively greater strength and resistance to 
deformation under welding conditions than 
the electrode material. 

By the term "insert" used throughout this 115 
specification and claims is to be understood 
a body adapted to be inserted as a unit into 
a recess formed on the operative face of an 
electrode or to be built up in such a recess 
by the insertion of component parts of the 120 
body into the recess, each component part 
making contact with adjacent parts when the 
body is built up. 

Electrodes in accordance with the inven- 
tion will now be described by way of ex- 125 
ample, with reference to the accompanying 
drawings, in which: — 

Figure 1 is a sectional elevation of part of 
an electrode according to the invention, in- 
cluding the working end; .130 
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Figures 2 and 3 illustrate stages in the 
manufacture of the electrodes; 

Figure 4 shows graphically curves of Cm 
(as herein defined) against number of welds 
5 for electrodes with and without reinforcing 
inserts; 

Figures 5, 6 and 7 show additional details 
of electrodes with and without inserts; and 
Figure 8 shows a composite insert. 

10 Figure 9 shows a billet intended to form 
an electrode and shaped to receive a cylin- 
drical insert. 

Figures 10A and 10E show various forms 
of cylindrical inserts. 

15 ^ The body 1 of the electrode, see Figure 1, 
is formed of a copper-chromium alloy known 
as "Mallorv 3" ("Mallory" is a Registered 
Trade Mark) and the working tip of the elec- 
trode has a force fitted hollow cylindrical, re- 

20 inforcing insert 2, the end face 3 of which 
constitutes an annular, peripheral 2one of the 
contact face 4 of the electrode tip. The insert 
2 is formed of a material known as "Elkonite 
30W3" ("Elkonite" is a Registered Trade 

25 Mark), and comprises a sintered mass of 
tungsten particles with the interstices between 
them filled with copper and has an electrical 
conductivity of not less than 27% IACS. The 
electrode includes a cooling cavity 1A. 

30 Electrodes of the above type exhibit mar- 
kedly increased resistance to "mushrooming" 
in service as compared, for example, with 
electrodes of the same size and shape made 
entirely from "Mallory 3" alloy and without 

35 the "Elkonite 30W3" insert. 

Referring to Figure 4, in tests made to 
determine the relative resistance to "mush- 
rooming" of "Mallory 3" electrodes with and 
without "Elkonite . 30W3" inserts, pairs of 

4° these electrodes were used in an automatic 
spot-welding machine to joint together two 
strips of EN2B mild steel (a low carbon 
steel). Care was taken to ensure that the 
same welding regime was used with each pair 

45 of electrodes. After each pair of electrodes had 
been used for 10,000 welds one electrode of 
each pair was removed and its percentage 
"mushrooming coefficient" (Cm) determined. 

c A ^ "percentage mushrooming coefficient" is 

-> u meant 

M-T 

Cm= — : X100% 

M 

where M is the projected area of the "mush- 
roomed" tip of the electrode on to a plane at 
right angles to the centre line of the elec- 

55 trode and T is the area, projected on to the 
same plane, which the tip would have had if 
its length has been reduced, without "mush- 
rooming", by an amount equal to the loss 
of length occasioned by the "mushrooming" 

60 which actually occurred. "Mushrooming" of a 
tip is diagrammatically shown by the dotted 


lines in Figure 5. In Figure 4, curve A' shows 
the results of the tests on the conventional 
electrodes and curve B' those on the elec- 
trodes in accordance with the invention. 65 

After 10,000 welds, the coefficient Cm for 
a "Mallory 3" electrode with an "Elkonite 
3pW3" insert was 1£%, whereas the coeffi- 
cient Cm for an electrode made entirely from 
"Mallory 3" was 42%. Further, when the 70 
electrode according to the invention was used 
to make an additional 20,000 welds, the value 
of its Cm increased by a mere 1% to 2£%. 

Experience with electrodes according to the 
invention has shown that the insert should be 75 
a tight mechanical fit within the working end 
of the electrode. The tighter the mechanical 
fit of the insert in the electrode, the lower 
the resistance to transverse flow of electricity 
and heat in the directions A and B (see Figure 80 
1) and thus, in service the heat is more 
effectively conducted away from the electrode 
tip. 

One way of making an electrode according 
to the invention is illustrated in Figures 2 and 85 
3. .In Figure 2, a cylindrical billet 5 of 
"Mallory 3" alloy is located within the cylin- 
drical chamber 6 of a vertical "back-extru- 
sion" press. The lower face of the billet 5 
has a circular channel 7 formed therein into 90 
which there has been force fitted (as a preli- 
minary operation) a hollow cylindrical insert 
8 of "Elkonite 30WS". The height of the 
insert 8 is slightly larger than the depth of 
the channel 7 so that, after extrusion, the 95 
insert remains slightly proud of the lower 
end face of the billet 5, typically by about 
0.005 inch. (This is not shown in the Figures 
2 and 3). 

When the billet 5 has been placed in the 100 
press as shown in Figure 2, a plunger 9 is 
driven into the upper face of the billet so as 
to deform it into the shape shown in Figure 
3. As shown, the action of the plunger spreads 
the billet radially until it bears against the 105 
inner wall of the chamber 6 and "back ex- 
trudes" some of the material of the billet be- 
tween the plunger and the chamber wall to 
form the longitudinal cavity 1A within the 
billet. This cavity, forms the cooling water 110 
cavity in the finished electrode. After removal 
of the deformed billet from the press, the 
lower end is machined to the shape shown in 
Figure 1, and the upper end is tapered to 
enable the finished electrode to be fitted into 115 
a standard electrode holder. Alternatively, in- 
stead of forming the cavity by back extrusion, 
it can be drilled out. 

The major dimensions of an electrode in 
accordance with this invention are indicated 120 
in Figure 7 by letters and for purposes of 
comparison a conventional electrode, also 
dimensioned, is indicated similarly in Figure 
6. In these Figures the dimension A=3/16 
inch, B = l/4 inch, C=5/16 inch, D = 3/4 125 
inch, E = l/4 inch and F=0.62 inch. 
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Although the embodiment described above 
refers to the use of "Mallory 3" alloy wkh 

5 ™I ^ eIe «rode may, for example, be 

are used £?* 0T ■"Which 

clectronl ^ manufac ture of spot-welding 
electrodes and the insert may be of anv 
metallic material which is stronger at elevated 
10 r em .P e ™ ur « than the material of the elec- 
10 trode into which it is fitted. Of the materials 
" h ! ch ™y ^ used for the insert, tungsten or 
molybdenum or alloys consisting principally 
of either or both of these metals, or materials 
consisting principally of a sintered aggVegS 
15 of tungsten or molybdenum particles or both 
are particularly suitable. 5 

i», Fi8 U re , 8 , Sh ° WS an insert insisting of circu- 
ar rods 11 arranged in circular tube foTrS- 

20 A?"" AS - S ? 0wn > the rod * touch each other 
^ Alternatively the rods could be of square or' 
rectangular cross-section q ° f 

elecSe L«°™ t bU1 ? 20 from whic « ^ 
electrode body i s formed. The billet 20 has 

25 22 C f mral PI -° eai0n 21 and an annular rece 
25 22 for receiving a generally tubular reinfo" 
|ng insert ^previously designated 2. To assist 
msertion of , . cylindrical reinforcing insen 

ne anfT 10A) ' the ° Uter P eri P*4 23 5 
30 t mU u T f ecess 22 is ™t back slightly to 

ectTon inSe ^ m P ° siti0n > the cent "l Pro- 
ection ,s swaged or peened and, thereafter 
the billet is machined to the required shape 
35 ins A rtr? e er <h f Shaped reinf S 

Figure 10A h WD in F,gUreS 10A t0 WE 
r gure 10A shows, as mentioned above a 

cy hndncal insert, Figure 10B shows a c^in* 
fa cf of wh r L ha T 8 thC inner P^PheraK- 
40 most end of 'rh^ ?n assemb,ed > » the outer- 
of "s It ™% CUt ™V at a " -gle 

of the inner surface, thereby securing the 
insert in the recess 22 securing the 

in S"l0cfn Cat i,°V f K the inSert is sh °™ 
in rigure IOC in which the outer perinheral 

£ "en? o V f h tn' e W - hen aSS - en l b,ed ' is ^25- 
most end of the insert, is bevelled. 

55 bination n oTJh? ?Wn " ^ 10D is a «>m- 
and C inSCrtS Sh0W " in Figures MB 

h^Kl 10E Sh0w / an insert having a tapered 
lar£ Jh- t3per ° the bore is tfuS [he 

taS/iW "JFM. !n a -ess formed 


billet, such contact may be improved by plac- 
es Mayer.Pf silver or silver based alloy 
.-between., ^m^u^^jss^^^ 1 ^ 
The layer of silver or silver based alloy may 
be introduced in the form of an annula? 70 
washer placed at the root of the recess I Z 
way application of pressure to the insen d ur - 
mg force fitting, back extrusion or swagjng 
will not only cause deformation of the waihei 
material^ form good contact between thl 75 

molt^T ? th£ rCCeSS but also 
amount of back extrusion of the washer 

material will take place between the innlr and 

of tI P r :S eneS ° f thC inS£rt 3nd the 80 

In an alternative method, the innermost 
end surface of the insert and/or th?S£rf 

be coated with siiver 0r *»™ 


eiectncal contact between the insert and the 


WHAT WE CLAIM IS: — fi( - 

with t SP0t ^ elding electrode ha ving a tip 
TtZZT™ , COntact face and including 
a reinforcing member or members extending 

*,n - inSert u 0f gCneral continuous annuh? 
shape into the electrode at least from the 90 
peripheral zone of contact as herein defined 
said member or members being formed of a 
conductive material having greater Senth 
and resistance to deformation 8 under 5t 
conditions than the material forming the e , ec - 95 

in 2 /h A r ^ le f rode according to claim 1 where- 
in the reinforcing member i s tubular 

wherein" rlS*^ aCC ° rding t0 claim 1 or 2 
wherein the insert consists of a metallic inn 
material having an electrical conductS 0 f 
not less than 27% I.A.C.S luucnvi ty ot 
. 4. An electrode according to any nreced 
ing chum wherein the outer^LiphV* he" 
ch mfered £*» ° f a / einfor ^ Vmb r is 105 

s^p m e f ;7 d heX p rS^ip o conform wkh the 

5 An electrode according to claim 1 where- 
in the reinforcing members are rods or strips 

6 An electrode according to claim 5 where 1 10 
1?° rods ° r L str ''Ps are in circulaT tube for 
mation with the rods or strips touchmg'efch 

7. An electrode according to claim 5 nr 
trotSZ^ IOd 01 «* is 115 

whLfn%S r r ° d H aCC ° rd - ing . t0 C,aim 5 or 6 
cro^section ^ " Stnp 18 of recra ^ar 

10 An electrode according to claim i 
11. An electrode according to claim 1 or 


i 
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claim 10 wherein the body of the electrode is 
formed of a copper-chromium alloy. 

12. A spot welding machine including an 
electrode according to any one of the pre- 
ceding claims. 

13. A method of making a spot welding 
electrode which consists in forming in that 
end of a billet of electrode material intended 
to form the electrode contact face, an annu- 
lar recess at the peripheral zone of contact 
as herein defined and fitting a tubular rein- 
forcing member as an insert into said recess 
so that the outer end face of 
said member lies flush with or slightly 
proud of said contact face, said 
member being formed of a conductive material 
having a relatively greater strength and resis- 
tance to deformation under welding conditions 
than the electrode material. 

14. A method according to claim 13 which 
includes the step of subjecting the billet to 
compression in a back extrusion press to pro- 
duce a cavity constituting a coolant chamber 
in the electrode. 

15. A method according to claim 13 where- 
in at least the inner peripheral surface of the 
outermost end region of the tubular rein- 
forcing member is bevelled and wherein billet 
material is deformed into contact with the 
tapered surface so as to secure the insert 
in the recess. 

16. A method according to claim 13 where- 
in the inner surface of the reinforcing mem- 


ber is of tapered form having its maximum 
diameter at the outermost end of the insert. 

17. A method according to claim 13 where- 
in the outer peripheral surface of the inner- 
most end of the reinforcing member is 
bevelled. 

18. A method according to claim 15 where- 
in the annular recess is formed so as to leave 
a central projection from which material for 
the said deformation of the billet material is 
obtained. 

19. A method according to claim 13 in- 
cluding an annular washer of silver or a silver 
based alloy located at the root of the recess. 

20. A method according to claim 13 in- 
cluding applying a coating of silver or silver 
based alloy to the root of the recess. 

21. A method according to claim 13 in- 
cluding applying a coating of silver or silver 
based alloy to the innermost end of the insert. 

22. A spot welding electrode made accord- 
ing to the method of any one of claims 13 
to 21. 

23. Spot welding electrodes substantially as 
herein described, with reference to the accom- 
panying drawings. 


WITHERS & SPOONER, 
Chartered Patent Agents, 
148—150, Holborn, 
London, E.C.I. 
Agents for the Applicants. 
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